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background: Cancertherapyisoneofmanyconditionswhichmaydiminishtheovarianreserve.Bankingofhumanovariantissuehasbecome
an option for the preservation of female fertility. We have shown that vitriﬁcation is an excellent method to cryopreserve ovarian tissue. To carry
out vitriﬁcation in a clinical setting, we have developed a clinical grade closed system to avoid direct contact of ovarian tissue with liquid nitrogen.
methods:Ovariantissuewasobtainedbybiopsyfrom12consentingwomenundergoingCaesareansection.Tissueswerevitriﬁedincryotubes,
using dimethyl sulphoxide, 1,2-propanediol, ethylene glycol and polyvinylpyrrolidon as cryoprotectants. Non-vitriﬁed and warmed-vitriﬁed tissue
was compared by light and electron microscopic morphology of the follicles within the tissues.
results: Wedidnotseeanydifferencesinthelightorelectronmicroscopicultrastructureofoocytesbetweennon-vitriﬁedandvitriﬁedtissues.
No irreversible subcellular alterations in vitriﬁed tissues were seen.
conclusions: Theultrastructureoffollicleswithinthevitriﬁedhumanovariantissuewaswellpreservedusingcryotubeinaclosedvitriﬁcation
system to avoid direct contact of liquid nitrogen. The system is compatible with the European tissue directive.
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Introduction
The continued progress and enhanced effectiveness of chemotherapy
and radiotherapy has increased the survival rate of young female
cancer patients (von Wolff et al., 2009) but major side effects of
these treatments are premature ovarian failure and loss of fertility.
Since many patients are young, they seek the chance to preserve
their reproductive potential before treatment. There are a few
options available to preserve fertility in these patients. These include
cryopreservation of embryos, oocytes (Yang et al., 2007; Porcu
et al., 2008) or ovarian tissue (Hovatta et al., 1996; Nugent et al.,
1997; Donnez et al., 2000; Kim, 2006).
Parameters such as patient’s age, treatment protocol, type of malig-
nancy and the partner’s status should be considered when the most
suitable strategy for fertility preservation is chosen (Meirow and
Nugent, 2001).
Cryopreservation of ovarian tissue is the only option available for
prepubertal girls and for women who need immediate chemotherapy
(Gosden et al., 1994; Oktay et al., 1998; Donnez et al., 2000, 2005).
Auto-transplantation of frozen–thawed cortical fragments has
yielded live births in human (Donnez et al., 2004; Meirow et al.,
2005; Andersen et al., 2008; von Wolff et al., 2009).
Cryopreservation of ovarian tissue can be performed using slow-rate
freezing or vitriﬁcation. Slow-rate freezing (Hovatta et al., 1996; Newton
et al., 1996) was ﬁrst applied in human fertility preservation. However,
based on animal studies, the vitriﬁcation technique seems to have
advantages over slow freezing (Kuleshova and Lopata, 2002; Courbiere
et al., 2006) as it did not induce apoptosis in mouse and human ovarian
tissue after warming (Rahimi et al., 2003; Mazoochi et al., 2008). Vitri-
ﬁcation is a rapid and simple technique that preserves large, hetero-
geneous samples of complex biologic tissue without formation of ice
crystals (Pegg, 2001; Kuleshova and Lopata, 2002; Fahy et al., 2004).
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Advanced Access publication on January 8, 2011 doi:10.1093/humrep/deq357Cryoprotectants used in high concentrations in the vitriﬁcation pro-
cedure include ethylene glycol (EG), dimethyl sulphoxide (DMSO) and
propanediol. Adequate penetration of cryoprotectant through the
stroma and granulosa cells to the oocytes is necessary, while at the
same time avoiding possible cryoprotectant toxicity. Hence, it is a
compromise between cell survival and cell death for each of these
cell types in the ovary (Hovatta, 2005).
We have earlier shown that vitriﬁcation is more efﬁcient than the
slow freezing programme particularly in the preservation of ovarian
stromal cells (Keros et al., 2009). However, direct contact of the
tissue with liquid nitrogen is not optimal for cryopreservation of
human ovarian tissue because of the risk of contamination.
In the present study, we used a clinical grade closed system in which
the tissue is never in direct contact with liquid nitrogen, neither in the
vitriﬁcation step nor during storage. The viability and ultrastructural
features of the pre-antral follicles in vitriﬁed tissues were studied.
Materials and Methods
Ovarian tissue donors
Small pieces of ovarian cortical tissue, 3–5 × 5–8 mm, with variable thick-
ness, were obtained by biopsy from consenting patients undergoing elec-
tive Caesarean section (n ¼ 12). Ovarian tissue obtained from three of
these women was only cultured for 24 h as non-vitriﬁed cultured controls.
The mean age of the women was 34.1+4.7 with a range between 22
and 40 years. The study was approved by the Ethics committee of the
Karolinska Institutet, Karolinska University Hospital Huddinge.
Tissue preparation
Ovarian tissue was collected and transported to the laboratory within
5 min in sterile 50 ml Falcon tubes (Becton Dickinson, Bedford, MA,
USA) containing about 20 ml cold (48C) Flushing medium (MediCult,
Jyllinge, Denmark). The tissue was transferred to a culture dish (Becton
Dickinson) containing ﬂushing medium and the medullar tissue was
removed. The cortical ovarian tissue was then cut into small pieces of
about 1–1.5 mm
3 with scalpel, keeping the tissue immersed in collection
medium while working under a stereomicroscope. Two small pieces of
each biopsy were taken as non-vitriﬁed controls and ﬁxed for light
microscopy (LM) and transmission electron microscopic (TEM) evaluation.
The remaining pieces of the tissue were vitriﬁed. After warming, two
pieces were ﬁxed for LM and TEM analysis. The cortical tissue was
stored in liquid nitrogen for 6–7 months before it was warmed.
Vitriﬁcation
The vitriﬁcation procedure was based on a method recently presented by
our group (Keros et al., 2009). Ovarian cortical tissue was equilibrated in
three incubation steps in solutions with increasing concentrations of
DMSO (Sigma-Aldrich, Sweden), 1,2-propanediol (PrOH) and EG sup-
plemented with 10 mg/ml human serum albumin (HSA, Vitrolife,
Go ¨teborg, Sweden). After washing for 5 min in Hank’s balanced salt sol-
ution (HBSS) with 10 mg/ml HSA, cortical tissue pieces were transferred
sequentially to vitriﬁcation solution VS1, VS2 and VS3 at 2.5, 5 and 10% of
each cryoprotectant, respectively. The third solution was also sup-
plemented with (10%w/v) polyvinylpyrrolidon (PVP, Sigma-Aldrich,
Sweden). The incubation time in VS1 was 5 min and for both VS2 and
VS3 there was 10 min in each. The longer incubation time was applied
because in our earlier study we showed that good-quality stroma, com-
posed of collagen ﬁbres and stromal cells was observed in these
samples. The ﬁrst and second incubation steps were performed at room
temperature and the third, containing higher concentrations of cryopro-
tectants, at 48C.
The vitriﬁcation itself was carried out by transferring the tissue pieces
from VS3 into 1.8 ml NUNC cryotube (Nunclon, Roskilde, Denmark),
with an internal thread cap to make it leak proof, with a minimum
volume of the vitriﬁcation medium using a small spoon so as not to
squeeze the tissue. The cryotube was immersed into liquid nitrogen
leaving the screw cap above the surface to avoid leaking.
After vitriﬁcation, the tissues were stored in the vapour-phase nitrogen
storage freezer (Air liquid-DMC, Espace 151-331-661 Gas, France) to
avoid any microbial contamination by liquid nitrogen (Cobo et al., 2010).
In order to fulﬁl the European tissue directive 2004/23/EG, 2006/17/
EG, 2006/86/EG and the Swedish Tissue Law 2008:286 for donation,
tissue preparation and banking, the vitriﬁcation and warming procedures,
were carried out in a closed sterile and traceable system, in a controlled
and deﬁned sterile environment.
The procedure of tissue handling is shown in Fig. 1. The procedure for
vitriﬁcation and warming is summarized in a standard operation procedure
(SOP) (Supplementary information).
Warming
The warming procedure was performed in four steps. Vitriﬁed cortical
tissue pieces were warmed at room temperature for 30 s and then
placed in a 258C water bath until melted. The contents of each cryotube
were transferred into the ﬁrst pre-warmed, 378C, solution, consisting
of HBSS and 10 mg/ml HSA supplemented with 0.5 M sucrose (Sigma-
Aldrich, Sweden), for about 2 min. Then the pieces went through two
5 min steps in warming solutions consisting of HBSS/HSA supplemented
with 0.25 and 0.125 M sucrose, respectively.
The incubation time for the fourth step in warming solution, consisting
of HBSS supplemented with (10 mg/ml) has, was also 5 min. Some pieces
were ﬁxed directly after warming for morphological evaluation and the
remaining were cultured by transferring into a dish containing pre-
equilibrated culture medium.
Tissue culture
Both non-vitriﬁed and vitriﬁed samples were cultured in 24-well culture
plates (Nunclon) in 300 ml of pre-equilibrated culture medium, containing
McCoy’s 5a medium with bicarbonate supplemented with HEPES
(20 mM), L-glutamine (3 mM), penicillin, streptomycin (0.1 mg/ml), trans-
ferring (2.5 mg/ml), selenium (4 ng/ml), insulin (10 ng/ml), HSA (0.1%)
and FSH all obtain from Sigma-Aldrich, Sweden (Telfer et al., 2008).
Plates were incubated for 24 h in a sterile humidiﬁed air atmosphere
with 5% CO2 at 378C.
Light microscopy
The morphology of the follicles, granulosa cells and ovarian stroma after
vitriﬁcation was analysed by LM.
Vitriﬁed and non-vitriﬁed tissues were ﬁxed in Bouin’s solution for 24 h
and then dehydrated in 70% alcohol at 48C. The ﬁxed tissues were
embedded in parafﬁn wax. Serial sections of 4 mm thickness were prepared
and every 11th section of each tissue piece was mounted on glass slides and
stained with haematoxylin and eosin. To prevent double counting, each fol-
licle was followed through neighbouring sections and counted only once.
The development stages of the follicle were classiﬁed by the number of
layers and shape of granulosa cells surrounding the oocyte, as deﬁned by
Gougeon (1996). Brieﬂy, primordial follicles were classiﬁed as those contain-
ing a single layer of ﬂattened granulosa cells, transitional primary follicles had
one or more cuboidal granulosa cells, primary follicles were those with a
complete single layer of cuboidal granulosa cells, transitional secondary
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cuboidal granulosa cells, secondary follicles had two complete layers of
cuboidal granulosa cells and pre-antral follicles had more than two layers
of cuboidal granulosa cells. Atretic follicles were identiﬁed as those contain-
ing oocyte with eosinophilic cytoplasm; contraction and clumping of the
chromatin material were considered as atretic (Gougeon, 1986).
Transmission electron microscopy
Vitriﬁed and non-vitriﬁed tissues were ﬁxed in 2% glutaraldehyde and 0.5%
paraformaldehyde in 0.1% mol/ml sodium cacodylate buffer and 0.1 mol/
ml sucrose pH 7.4 at room temperature for 2 h and post-ﬁxed in 1%
osmium tetroxide.
After dehydration, the samples were embedded in LX-112 (Ladd
Research Industries Inc., Burlington, VT, USA). The samples were cut
into about 0.5 mm sections and stained with toluidine blue and observed
under LM. Then samples with follicles were selected, cut into 50 nm sec-
tions and stained with alcoholic uranyl acetate. The ultra-thin sections
were then examined using a transmission electron microscope (Tecnai,
Fei, Eindhoven, and The Netherlands). Digital images were taken at
magniﬁcations of ×1250 to ×30 000 using Megaview III camera.
Ultrastructural evaluation was performed in randomly selected samples.
For non-cultured tissue, seven non-vitriﬁed samples and six vitriﬁed
samples were used. For cultured tissue, four (out of nine) vitriﬁed
samples and three non-vitriﬁed samples were analysed.
The ultrastructural changes in the ovarian tissue after vitriﬁcation and
24 h culture were evaluated by assessing the structures of oocytes, gran-
ulosa cells and stromal cells separately. The investigator was blinded to the
experimental background of the specimens.
In the oocytes, we evaluated the integrity of nuclear organelles and the
membranes, cristae of the mitochondria and their density, the density of
the cytoplasm, the content of membrane vesicles and attachment to the
granulosa cells. The same parameters were judged in granulosa cells.
The attachment between granulosa cells and the basement membrane
were also evaluated. The oocytes and granulosa cells were considered
as intact if all the structures were undamaged. A cell with collapsed
and/or disrupted nuclear or plasma membrane was considered as
degenerated.
Results
Light microscopy
The morphology and developmental stages of follicles (n ¼ 100) in
both non-vitriﬁed and vitriﬁed tissues (before culture) were evaluated
using an inverted microscope (Table I). From the follicles found,
.............................................................................................................................................................................................
Table I Number of follicles analysed in the ovarian tissues from nine women donors assessed by LM.
Before culture Total number of follicles Primordial follicles Primary follicles Secondary follicles Atretic follicles
Non-vitriﬁed 48 12 25 7 4
Vitriﬁed 52 25 17 6 4
Figure 1 Schematic experimental setup for the procedure of vitriﬁcation in the study.
596 Sheikhi et al.37 were at the primordial stage and 42 follicles at the primary stage,
comprising 18 transitional follicles and 24 primary follicles. The
remaining follicles were 13 secondary and 8 atretic. No clear differ-
ences could be found in the structures of the follicles in either
group when analysed at the light microscopic level from haematoxy-
lin/eosin stained sections (Fig. 2). No follicles were observed in two
patients.
The stromal cells and bundles of collagen ﬁbres were as well pre-
served in the vitriﬁed tissue as it was in the control non-vitriﬁed
tissue (Fig. 2). The structure of follicles in both groups, vitriﬁed and
non-vitriﬁed tissue was assessed after 24 h culture (Fig. 3). The mor-
phology and developmental stages of follicles (n ¼ 136) (Table II)
within the cultured tissues were evaluated by using an inverted micro-
scope. From the follicles found, 15 were at the primordial stage and 66
Figure 2 Morphology of follicles at different developmental stages within human ovarian tissue in non-vitriﬁed (A) and vitriﬁed (B) group. Well-
preserved morphology of pre-antral follicles within vitriﬁed tissue (B) was seen, similar to follicles in non-vitriﬁed tissue which showed normal
morphology.
Figure 3 Follicles within the cultured ovarian tissue in the vitriﬁed group (B) showed similar morphological features as in the non-vitriﬁed tissue (A).
Few of pyknotic follicles were seen in both groups.
.............................................................................................................................................................................................
Table II Number of follicles analysed within vitriﬁed human ovarian tissues from three donors assessed after 24 h culture
by LM.
After culture Total number of follicles Primordial follicles Primary follicles Secondary follicles Atretic follicles
Non-vitriﬁed 84 13 38 5 28
Vitriﬁed 52 2 28 7 15
Clinical grade ovarian tissue vitriﬁcation 597Figure 4 Transmission electron microscopy of follicles within human ovarian tissues in two groups of non-vitriﬁed (A) and vitriﬁed (B) tissues.
Overview of non-vitriﬁed tissue showing a transitional primary follicle containing an oocyte (OC) in contact with granulosa cells (GC) surrounded
by stromal cells (S) (A1). Higher magniﬁcation of the follicle showing the contact between OC and GC and the basement membrane (BM). Gap
junctions (arrows) as well as microvilli (MV) are well deﬁned and the contact with BM is uniform. Mitochondria (M) and endoplasmic reticulum
(ER) are well deﬁned (A2). An arrow shows the contact between OC and GC (A3). Stroma in non-vitriﬁed tissue contained collagen ﬁbres (CF)
and spindle-shaped S (A4). Scale bars; A1 ¼ 10 mm, A2 ¼ 1 mm, A3–A4 ¼ 2 mm. An overview of a primordial follicle within well-preserved
ovarian stroma in a vitriﬁed tissue (B1). An irregular pattern seen in the follicles in both vitriﬁed (*) and non-vitriﬁed group (not shown here).
Contact between OC and GC and BM in a follicle of vitriﬁed tissue. The homogenous cytoplasm of the oocyte contains uniform M and some ER
(B2). Projections of MV are ﬁlling the space and connecting the OC and GC (B2), which is seen also in the non-vitriﬁed tissue (A3). Higher magni-
ﬁcation of the follicle showing the intact contact between the OC and GC containing gap junctions (arrows). The MV is also clearly seen (B3). Image
from the stroma containing abundant CF and spindle-shaped S (B4). Scale bars; B1 ¼ 10 mm, B2 ¼ 2 mm, B3 ¼ 1 mm, B4 ¼ 2mm.
598 Sheikhi et al.follicles were at the primary stage; of the remaining follicles 12 were
secondary and 43 were atretic. Serial sectioning was provided for all
samples in both groups.
No follicles were found in the small vitriﬁed tissue pieces from ﬁve
patients. In two of the samples from these patients, no follicles were
seen in non-vitriﬁed samples either. The variable number of follicles in
these tissue pieces is probably due to the normal uneven distribution
of follicles in the ovarian cortex as discussed later (Van den Broecke
et al., 2001; Schmidt et al., 2003).
Transmission electron microscopy
The total number of follicles analysed from each group was as
following: 10 non-vitriﬁed, non-cultured (Figs 4A and 5A), 6 vitriﬁed,
non-cultured (Figs 4B and 5B), 16 cultured, non-vitriﬁed (Fig. 6A)
and 9 cultured, vitriﬁed (Fig. 6B), respectively.
The ultrastructure of the oocytes was well preserved in vitriﬁed
tissues. Ultrastructural evaluation of the pre-antral follicles in both
vitriﬁed and non-vitriﬁed control tissues showed similar morphology.
The morphology of the oocytes, integrity of the granulosa cells and
the ovarian stroma could be analysed in detail.
Ultrastructure of the oocytes
The ultrastructure of the oocytes in vitriﬁed tissues (Fig. 4B) was
similar to those in the non-vitriﬁed tissue (Fig. 4A). The nuclei of
the oocytes in vitriﬁed tissue were dominated by euchromatin and
the inner and outer nuclear membranes of the oocytes were clearly
distinguished containing distinct nuclear pores (Fig. 5B). The hom-
ogenous cytoplasm of the oocytes was reﬂected by well-deﬁned struc-
tures, without obvious increased vacuolization (Fig. 4B2). The round-
or ovoid-shaped mitochondria and endoplasmic reticulum were the
most abundant organelles in the oocytes. The endoplasmic reticulum
was well deﬁned, and the mitochondria exhibited highly organized
structures with a condensed matrix and intact cristae (Figs 4B2 and
5B). The presence of swollen mitochondrial cristae was rarely
found. The Golgi complexes were well deﬁned (not shown). The
contact between the oocyte and granulosa cells was sharp containing
gap junctions and microvilli (Fig. 4B3). There were no noticeable differ-
ences between the groups with respect to mitochondria, microvillus
and endoplasmic reticulum in oocytes (Fig. 4A2 and B2).
Ultrastructure of granulosa cells
The granulosa cells in vitriﬁed tissues had a normal morphology and
organelle distribution (Fig. 4B3). Their nuclei contained euchromatin
in the inner part and a small peripheral part of heterochromatin,
and no sign of cell death was observed. The intact cytoplasm of the
granulosa cells contained abundant typical organelles including mito-
chondria with cristae, and endoplasmic reticulum. Gap junctions con-
necting neighbouring cells were clearly seen and microvilli were
present. The contact between granulosa cells and basement mem-
brane was also well preserved (Fig. 4B3). The ultrastructure of follicles
in the vitriﬁed group was similar to that in the non-vitriﬁed control
group, the granulosa cells showed uniform contact with no obvious
increase in the level of vacuolization.
A small space (*) with irregular pattern, possibly a lysed cell, was
observed in few follicles in both non-vitriﬁed and vitriﬁed tissue
(Fig. 4B1). There was no increased number of these cells within
follicles either in Group A or B.
Ultrastructure of stromal cells
In the vitriﬁed group, well-preserved stromal tissues contained abun-
dant collagen ﬁbres and spindle-shaped ﬁbroblast like cells. The
stromal cells had hetero- and euchromatic containing nuclei, which
was homogenously distributed in the nuclear envelope. The stromal
cells were surrounded by abundant collagen ﬁbres (Fig. 4B4). The dis-
tribution of collagen ﬁbres was uniform and similar to that in control
tissue (Fig. 4A4).
Follicular viability after warming
The morphology and ultrastructure of the follicles within the ovarian
tissue after warming and culture for 24 h remained mostly normal
(Fig. 6B).The ultrastructure of follicles in both non-vitriﬁed (Fig. 6A)
and vitriﬁed (Fig. 6B) groups was similar after culture. There were
no obvious gross morphological abnormalities or necrosis in the
oocytes after culture. The nuclear pores were well deﬁned
(Fig. 6B2). Round-shaped mitochondria and a well-preserved cell
membrane and endoplasmic reticulum were observed in the
oocytes (Fig. 6B1). The structure of the mitochondria was organized
and they contained condensed matrix and intact cristae (Fig. 6B2).
The granulosa cells had peripheral heterochromatin in their nuclei
and numerous rod-shaped mitochondria scattered in their cytoplasm
(Fig. 6B3). The stromal cells had hetero- and euchromatic containing
nuclei. The stromal tissue contained many collagen ﬁbres and
stromal cells (Fig. 6B4). Elongated stromal cells and an abundant
amount of dense collagen bundles were seen in the vitriﬁed
(Fig. 6B4) group similar to the non-vitriﬁed tissue (Fig. 6A4).
Discussion
Vitriﬁcation is a rapid and simple technique which has recently been
applied for cryopreservation of ovarian tissues due to its minimal
changes in morphology and ultrastructure. It is an ultrarapid cooling
process that avoids cellular damage by producing a glass-like solidiﬁca-
tion of cells by extreme elevation in viscosity (Salehnia et al., 2002;
Migishima et al., 2003; Courbiere et al., 2005; Ishijima et al., 2006;
Wang et al., 2008).
We show here that vitriﬁcation of human ovarian tissue can be
carried out in a clinical setting without any direct contact with liquid
nitrogen. This enables us to easily comply with the quality require-
ments of the European tissue directive 2004/23, 2006/17/EG, and
2006/86/EG (www.EU).
Using our closed vitriﬁcation system, we can avoid the risk of con-
tamination of the samples during the vitriﬁcation and storage pro-
cedures. This is a real advantage because ovarian samples for
fertility preservation have to be cryo-stored for very long periods.
In a previous study, we compared slow freezing and vitriﬁcation of
human ovarian tissue, and showed that the morphological integrity of
particularly the stromal tissue after vitriﬁcation was better than that
after slow freezing (Keros et al., 2009). However, the procedure
was not carried out in a clinical setting. In this study, we reported
an extremely simple and feasible, closed vitriﬁcation system which
avoids direct contact of ovarian tissue with liquid nitrogen.
The device that we used was a cryotube, which could be closed and
then rapidly immersed into liquid nitrogen leaving the cap above the
surface of the nitrogen to avoid leaking. It was a non-toxic, sterile
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the best possible seal. Efﬁcient vitriﬁcation requires extremely fast
cooling, and apparently this very simple system enables such a rate
preserving the morphology of both the pre-antral follicles and
stromal tissue. This morphology was maintained following 24 h of
culture. It is possible that lysed follicles would not have been identiﬁed
both after warming and culture; however, this is an error in any assess-
ment of human ovarian tissue following cryopreservation.
Further investigation such as xeno-transplantation may also give
information about viability of the follicles within the tissue. Neverthe-
less, tissue culture is an excellent method to demonstrate the viability
of the tissue (Li et al., 2007; Keros et al., 2009). Non-viable follicles do
not have intact electron microscopic ultrastructure after 24 h culture
(Keros et al., 2009). We did not use any particular apoptosis assays
because the most likely consequence of vitriﬁcation would be necrosis,
which can better be demonstrated using careful morphological and
ultrastructural analysis (Hovatta et al., 1996; Keros et al., 2009). An
increased number of viable follicles may indicate better survival rate
of the follicles during vitriﬁcation. Furthermore ultrastructural evalu-
ation by transmission electron microscopy is the best known
method to demonstrate the cryodamage (Gook et al., 1999;
Hreinsson et al., 2003; Martinez-Madrid et al., 2007).
The ﬁnal proof of the viability of the tissue would still be a preg-
nancy and a healthy child, and this remains to be shown.
Cryopreservation of human ovarian tissue using slow-rate freezing
with good survival of follicles after thawing was for the ﬁrst time
reported by Hovatta et al. (1996), Hovatta (2005) and Newton
et al. (1996). Healthy babies have already been born after transplan-
tation of frozen–thawed human ovarian tissues after slow pro-
grammed freezing (Donnez et al., 2004; Meirow et al., 2005;
Demeestere et al., 2007; Andersen et al., 2008; Ernst et al., 2010).
The data from comparative studies of vitriﬁcation and slow-rate
freezing of human ovarian tissue are limited and opposing conclusions
have been drawn by investigators. Some results have indicated that
vitriﬁcation of human ovarian tissue is less efﬁcient than slow-rate
freezing (Gandolﬁ et al., 2006; Isachenko et al., 2009). Some authors
concluded that modiﬁed vitriﬁcation is an effective technique for freez-
ing of ovarian tissue as it showed presence of most normal follicles
(80.3%) after warming (Li et al., 2007). Our group showed that vitri-
ﬁcation of human ovarian tissue was comparable with slow-rate freez-
ing (Keros et al., 2009). These different results may due to differences
in the procedure, for example, cryoprotectant composition and con-
centrations, exposure times to cryoprotectants and speed of vitriﬁca-
tion. The process of slow freezing or vitriﬁcation is not the issue. The
issue is that the procedures have not been optimized for that particu-
lar biological material. The penetration rate of cryoprotectants and the
temperature play an important role during the cryopreservations pro-
cedure (Newton et al., 1996, 1998). For this reason, it is important to
have a sufﬁcient diffusion of cryoprotectant through the stroma and
granulosa cells to the oocytes. In order to reach this aim, a compro-
mise between the concentration of cryoprotectants, incubation time
and temperature is required (Hovatta, 2005).
The improved stromal morphology reported in the present study
conﬁrms our previous observations (Keros et al., 2009) and is in con-
trast to the poor morphology of human stromal tissue previously
reported using slow freezing (Gook et al., 1999). It would appear
that the use of the combination of DMSO, PrOH and EG together
with the stepwise increase in their concentrations has achieved sufﬁ-
cient dehydration to successfully vitrify all components of human
ovarian tissue. In this study, the long incubation time of the cryopro-
tectants was applied because in our earlier study we showed that
good-quality stroma, composed of collagen ﬁbres and stromal cells
was observed in the vitriﬁcation group with 10 min incubation time
(Keros et al., 2009). Stromal cells probably play an important role in
the proliferation and differentiation of granulosa cells (Hovatta et al.,
1999; Liu et al., 2000). Co-operation between the granulosa cells,
the stromal tissue and the oocytes is important for ovarian function
(Hovatta, 2005), and preservation of the integrity of these com-
ponents is necessary (Gook et al., 2004).
Our vitriﬁcation protocol can be performed in a clinical setting. We
have shown excellent structural preservation of ovarian tissue. Our
observations from LM showed similar morphology of the pre-antral
follicles in both vitriﬁed and non-vitriﬁed tissue. This observation
was conﬁrmed by TEM assesses which revealed that the organelles
of granulosa cells and oocytes were well preserved in vitriﬁed
tissues. The result of this study suggest that human ovarian tissue
Figure 5 Image of the nuclei (N) of the oocytes at a high magniﬁcation. The nuclear membranes containing nuclear pores (arrows) are clearly shown
in both non-vitriﬁed (A) and vitriﬁed (B) groups. The Golgi apparatus (G) is well deﬁned (A). Scale bars; 5A and 5B ¼ 1 mm.
600 Sheikhi et al.Figure 6 Ultrastructure of follicles within human ovarian tissue after culture for 24 h in non-vitriﬁed (A) and vitriﬁed (B) groups. The oocyte nuclei
(N) surrounded by nuclear membrane in a primordial follicle is shown (A1). Cytoplasm contains well-deﬁned M. The intact contact between GC and
OC is seen (arrows). The N and cytoplasmic organelles, M and ER are well deﬁned. The nuclear pores (arrows) are clearly seen (A2). The contact
between GC, OC and BM is shown (A3). GC contains hetero- and euchromatin in their nuclear. Well-deﬁned M scattered in the cytoplasm are seen
(A3). Image of stromal tissue composing bundles of CF and S (A4). Scale bars; A1 ¼ 2 mm, A2–A3 ¼ 1 mm and A4 ¼ 5 mm. Overview of a primary
follicle with OC and GC showing well-deﬁned M and ER and intact contact between GC and the OC (arrows) (B1). Detail of the border between N
and cytoplasm in OC showing well-deﬁned nuclear membrane (arrows), ER and M containing cristae (B2). Granulosa cell in contact with OC and BM
is shown (B3). Numerous M are scattered in the cytoplasm of the GC (B3). A sample of stroma containing numerous CF and ﬂattened S is shown
(B4). Scale bars; B1 ¼ 2 mm, B2–B3 ¼ 1 mm and B4 ¼ 2 mm.
Clinical grade ovarian tissue vitriﬁcation 601can be well preserved using simply a cryotube as a device in a closed
system to avoid possible contamination via direct contact with liquid
nitrogen.
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